Brain slices from many regions of the central nervous system are an often utilized experimental system for the study of synaptic physiology and pharmacology. The hippocampal slice [ I ] has been the most highly studied of such preparations, due to its anatomically distinct synaptic pathways and disposition to synaptic plasticity [2]. The patch clamp technique [3] has permitted many new insights into cellular and subcellular electrophysiology and signal transduction. Such results have come, in the main, from a large variety of cultured and isolated cell preparations. Recent technical adaptations have rendered brain slice preparations susceptible to the patch clamp technique. Originally it was found that by cleaning the surface of thin (120 p m ) slices, either enzymatically or by irrigation, neuronal soma could be visualized and patch electrode access made possible 141. We have utilized a more recent approach [ 5 ] where single cells need not be visualized and recordings made in full thickness (400 pm) hippocampal slices.
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Rat hippocampal slices (400 pm, 4-7-week-old rats) were attached by plasma-thrombin clots to coverslips which formed the base of a 1 ml tissue bath. The slices were submerged and continuously perifused with oxygenated (95% 0 2 / 5 % CO,) Krebs bicarbonate buffer (1 9-24 "C) of composition (mM): NaCl 124, KCI 3, NaHCO, 26, CaClz 2, MgSO, 1, NaH,PO, 1.25 and D-glucose, 10, within which all drugs were applied. Patch clamp electrodes (3-7 MQ ) were fabricated by two-stage horizontal pulls and filled with one of three solutions (balanced at pH 7.3) containing (mM): ( A ) potassium methylsulphate 1 10, KCI 10, Hepes (potassium salt) 10, EGTA 5, MgCI, 2, (B) CsF 130, TEA-CI 10, NaCl 5, MgClz 1, EGTA (potassium salt) 11, Hepes 10, CaCI, 1, (C) caesium methylsulphate 130, TEA-CI 10, NaCl 5, MgC12 1, EGTA (potassium salt) 11, Hepes 10, CaCI, 1. Whole-cell recordings were made from the pyramidal cell body layer of region CA1 of the slice after rupture of the membrane beneath cell-attached seals of > 1 GQ. Synaptic currents were evoked by stimulation in stratum radiatum using a bipolar stimulating electrode (4-50 V).
On first obtaining the whole-cell configuration, resting potentials ( -54 mV to -75 mV) and input impedances (200-450 MQ ) were similar for all electrode solutions. With time, however, caesium-containing electrode solutions lead to an increase in neuronal input impedance (2-3 times) and depolarization of the zero current holding potential. These membrane potentials are similar to those obtained from conventional microelectrode impalements, whereas cell input impedances are 10-15 times greater under whole-cell rccording.
The synaptic response at -70 mV consists of a 'depolarizing' excitatory post-synaptic current (EPSC) followed by a 'hyperpolarizing' inhibitory post-synaptic current (IPSC). Both the EPSC and IPSC can further be shown to be composed of two currents mediated by different receptors. All four components have been previously described in studies utilizing conventional microelectrode impalements [6] .
Abbreviations used: TEA-CI, tetraethylammonium chloride; EPSC, excitatory post-synaptic current; IPSC, inhibitory postsynaptic current.
The form of each component of this complex synaptic response can be determined in one of two ways. First, it can be observed in isolation by pharmacologically blocking all of the other three components, either at their postsynaptic receptor or the channel gated by this receptor. Secondly, the characteristics of a synaptic component can be determined by a subtractive process by which the component of interest is blocked and the change in the synaptic response determined. Selective antagonists are available for all four components of the hippocampal CAI cell synaptic response. The a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptor mediated component of the EPSC can be blocked by the quinoxalinedione 6-cyano-7-nitroquinoxaline-2,3-dione. The remainder of the EPSC (EPSC,) is mediated by the N-methyl-D-aspartate receptor and can be blocked by the competitive antagonist ~-2-amino-5-phosophonopentanoate. The so-called fast IPSC (IPSC, ) is mediated by GABA, receptors and can be blocked by picrotoxin which is a channel blocker at the CI-channel associated with this receptor. The remaining inhibitory component (IPSC,) is sensitive to intracellular Cs + or extracellular application of the GABA, receptor antagonist 2-hydroxy-saclofen. Using suitable pharmacological paradigms we have therefore been able to, either by isolation or subtraction, characterize these four components.
EPSC, is characterized, in both isolation and subtraction studies, by its fast time to peak (9-10 ms) and short duration (approx. 50 ms). This current carries the larger part of the total EPSC at resting potentials, reverses between + 5 and -5 mV and does not demonstrate appreciable rectification.
EPSC, has a slow rise time (time to peak approx. 27 ms) and can last as long as 1 s. Its reversal potential is similar to that of EPSC,, but its current voltage relationship exhibits a region of marked negative slope conductance at membrane potentials between -90 mV and -35 mV. This current can also be inhibited by 7-chloro-kynurenic acid, an antagonist of the strychnine-insensitive glycine receptor [ 71.
We have not so far studied IPSC, and IPSC, in isolation but subtractive records of picrotoxin-or 2-hydroxy-saclofensensitive components reveal the following properties. IPSC, has a rise time intermediate between EPSC, and EPSC,. (approx. 15 ms). The duration of this current seems quite variable (50-250 ms). IPSC, has a reversal potential near the expected chloride equilibrium potential. IPSC, is absent from cells recorded using Cs The results of these experiments agree well with much of previously obtained data from conventional microelectrode work. However, this technique provides low-noise, highresolution voltage clamp and the ability to influence the intracellular biochemistry of neurons within brain slices. This should permit many advances in the study of synaptic transmission and related phenomena within the commonly used brain slice models of memory, epilepsy and neuronal injury and death. In contrast, when the preparation was diluted 5-fold after solubilization. two sites o f differing agonist affinity were detected which, upon addition of guanine nuclcotide. were converted t o a single site o f low affinity for agonists thus indicating that R-G interaction is present in the di I i t t cd stat e. '1.0 obtain an understanding of the appearance of R-G interaction concomitant with dilution. the physical states of the standard and diluted preparations were examined in order to determine whether the dilution had caused the prcparntion t o become non-soluble. ii phenomenon observed hy t-rnster 1'1 d. 17 I when deoxycholate-soliibilized microsomes underwent a reconstitution process after ;I 5-1 0-fold dilution.
There arc several criteria which must be fulfilled before a preparation can he tlefined as truly soluhilized 1x1. which include: lack o f sedimentation after centrifugation at I00000 g for 6 0 min; higher retention on gel filtration than nicmhranes: decreased thermostability and disappearance o f lamellar membrane structure. These criteria were examined for the standard and diluted preparations, t o ascertain the solubility or non-solubility in both states. T h e results of these studies indicate that the standard preparation is truly solutiili~cd, whereas the diluted preparation has undergone a reconstitution process subsequent t o dilution, s o becoming non-soluble. Evidence supporting these observations includes: first. centrifugation at I00000 g for YO niin scdimentcd about 5O'K o f the protein and more than 60% o f the standard preparation on Sepharosc) was observed t o elute its two distinct peaks -a minor peak (2X% of total recovered) at the void volume, and a major peak (72% of total recovered) which eluted in the included volume of the column and corresponded to an M , value o f 400000. (The minor peak may represent a low level o f reconstitution o r reaggregation due to the partial dilution.) Thirdly, the stability o f the diluted preparation was markedly increased in comparison t o that of the standard preparation: 50% of the original activity remained after 12 days at 22°C in the diluted preparation. whereas the standard preparation was inactivated t o this extent after only 30 min. Finally, electron microscopic examination shows the negatively stained diluted preparation t o consist o f heterogeneous unilamellar vesicles ranging in diameter from 37.5 t o 62.5 nm. The standard preparation contained n o such vesicles, but consisted of amorphous material and globular proteins.
T h e reconstitution process appears to be related to the extent t o which the preparation is diluted. since intermediate dilutions produced intermediate levels of sedimentation and the thermal stability increased iis the dilution factor increased. This suggests that the lowering of the detergent (cholatc) concentration as a result of dilution may be responsible for the reconstitution process.
